OBJECTIVE. We investigated the feasibility of delivering an individualized, progressive, high-repetition upper-extremity (UE) task-specific training protocol for people with stroke in the inpatient rehabilitation setting.
O ne of the most debilitating deficits after stroke is upper-extremity (UE) paresis (Dobkin, 2005; Duncan et al., 1994; Foulkes, Wolf, Price, Mohr, & Hier, 1988; Harris, Eng, Miller, & Dawson, 2009; Legg et al., 2007; Wilkinson et al., 1997; Winstein et al., 2004) . Surprisingly, interventions to address UE paresis are often inconsistently applied in routine clinical settings and even neglected at various stages of stroke recovery (Barker & Brauer, 2005) . When provided, UE interventions often consist of various therapeutic approaches provided in low doses Oujamaa, Relave, Froger, Mottet, & Pelissier, 2009) , as observed during delivery of clinical services.
Upper-extremity task-specific training occurs in only about half of therapy sessions focused on the UE, and it involves an average of only 32 repetitions . Similarly, patients spend approximately 47 min/day in occupational therapy in the early phases of stroke rehabilitation, but only 4-11 min are spent on UE rehabilitation (Bernhardt, Chan, Nicola, & Collier, 2007; Harris et al., 2009 ). In the inpatient setting, therapy minutes can be allocated to locating equipment and setup, multiple competing clinical priorities (e.g., activities of daily living [ADLs] , cognition, balance), and patients arriving late to sessions. Thus, the clinical reality early after stroke is in sharp contrast to research data illustrating the importance of individually tailored, progressive, high-repetition, task-specific UE training (Birkenmeier, Prager, & Lang, 2010; Boyd, Vidoni, & Wessel, 2010; Han, Wang, Meng, & Qi, 2013; Plautz, Milliken, & Nudo, 2000) .
This type of individually tailored, progressive UE training is feasible in an outpatient setting, indicated by UE training that occurs for extended hours as part of constraint-induced movement therapy (CIMT; Barzel et al., 2009; Smania et al., 2012; Treger, Aidinof, Lehrer, & Kalichman, 2012; Wolf et al., 2006) . Feasibility has also been demonstrated for 1-hr therapy sessions, typical of routine outpatient services (Birkenmeier et al., 2010) . The next critical step is to determine the feasibility of delivering this type of training early after stroke, when people are in the inpatient rehabilitation facility (IRF) setting. The IRF setting is where most rehabilitation services are provided and money is spent and where recovery opportunity is greatest (Biernaskie, Chernenko, & Corbett, 2004; Horn et al., 2005; Krakauer, 2006) . The potential to improve patient outcomes and reduce burden of care increases if such an intervention is feasible early in the IRF setting. The challenges to feasibility in the IRF environment include competing clinical priorities, rigid rules for therapy time, heavy emphasis on ADL retraining, and relatively high medical complexity.
Our primary aim was to examine the feasibility and tolerability of delivering high-repetition, individually tailored, progressive, task-specific training during occupational therapy in an IRF setting. The training was delivered in 1-hr sessions, thus requiring fewer therapy hours than the tested models of CIMT in the IRF setting (Dromerick et al., 2009 ). Our second aim was to gather preliminary efficacy data. We hypothesized that patients would be able to achieve hundreds of task-specific activities during 1-hr therapy sessions without inducing substantial fatigue or pain.
Method
This study was a single cohort, repeated-measures design (Figure 1 ). The institutional review board of Northwestern University approved the study, and informed consent was obtained from all participants.
Participants
We recruited a convenience sample of inpatients with poststroke unilateral paresis at an IRF. We selected the inclusion criteria on the basis of Birkenmeier et al.'s (2010) study examining the feasibility of this intervention in the outpatient setting. Inclusion criteria were as follows: Patient (1) meets ICD-9 criteria of unilateral stroke with residual UE paresis; (2) has a Motricity Index (Collin & Wade, 1990 ) score between 42 and 93 points; (3) has cognitive ability to follow commands, as indicated by a score of 0 to 1 on the Commands item of the National Institutes of Health Stroke Scale (NIHSS; Brott, et al., 1989) ; and (4) is at least age 18 yr. Participants were excluded if they (1) had severe neglect, as indicated by a score of 2 on the NIHSS Extinction and Inattention subtest, and (2) had a history of stroke more than 1 wk before the current index stroke located on or affecting the same side of the body.
The planned number of participants to recruit was 6-15; this number was considered sufficient to examine feasibility in the IRF environment and was similar to prior feasibility studies (Birkenmeier et al., 2010; Combs, Kelly, Barton, Ivaska, & Nowak, 2010; Page, Levine, & Leonard, 2005; Page, Levine, Sisto, & Johnston, 2001) . Recruitment occurred through informing inpatient staff occupational therapists about the study and the criteria for participation. During the recruitment period (November 2012 to April 2013), 123 people with stroke were admitted. Staff occupational therapists referred 22 patients to the study during that time, and 15 were enrolled. Of the 15 patients enrolled, 3 failed their initial screen and were rescreened within 7 days for later enrollment. We closely monitored individuals who failed their initial screen because changes in the motor system can occur at a fast rate during the early phase of stroke rehabilitation. As increased UE movement emerged, participants were then rescreened and enrolled as appropriate.
Measures
Feasibility measures were taken during all sessions by the treating therapist. Outcome measures were administered by trained assessors at the time points shown in Figure 1 . Because all participants received the intervention, the assessors could not be blinded. The primary assessor did not deliver treatment. All assessment sessions were video recorded and periodically reviewed by the research team to ensure accurate scoring.
Feasibility Measures. A key measure of feasibility was the number of repetitions achieved during single sessions. A single repetition was characterized by a combination of most or all of the UE movement components: reaching, grasping or manipulating, transporting, and releasing (Birkenmeier et al., 2010) . In calculating the average number of repetitions per session, we excluded the counts from the first two sessions because participants were acclimating to performing large amounts of practice. A second measure, time in active practice, captured the amount of training without the confound of defining repetitions and was defined as the number of minutes per session during which the person was actively practicing tasks. Rest breaks and setup time were not included. Consistent with calculating average repetitions, total time in task practice excluded the first two sessions. To document participant effort, fatigue ratings were recorded on completion of each session using the 0-10-point Stanford Fatigue Visual Numeric Scale (Stanford Patient Education Research Center, n.d.). Pain scores were measured pretreatment and posttreatment using a standard 0-10 numeric rating scale or the Wong-Baker Faces Pain Rating Scale (Keck, Gerkensmeyer, Joyce, & Schade, 1996) . Feasibility was also assessed by the number of sessions attempted and attended for each participant.
Outcome Measures. The primary outcome measure used was the Action Research Arm Test (ARAT; Lang, Edwards, Birkenmeier, & Dromerick, 2008) , a criterionrated, 19-item, activity-based assessment of the UE. Using ordinal scoring, the patient is scored on a scale of 0 (unable to complete) to 3 (completes with normal movement) with a maximum score of 57 indicating normal performance. The interrater reliability (.95-.98), testretest reliability (.99), and construct validity (.92-.95) of the ARAT are well-established (Lin et al., 2009; Platz et al., 2005; Van der Lee et al., 2001) , and this measure has been shown to be responsive to change early after stroke (Beebe & Lang, 2009; Lang, Wagner, Dromerick, & Edwards, 2006) . Impairment-level outcomes included grip and pinch strength measured with a Jamar hydraulic handheld dynamometer and pinch gauge (Patterson Medical, Warrenville, IL). Measurement of grip strength with a dynamometer has demonstrated excellent test-retest reliability, averaging >.80 (Mathiowetz, Weber, Volland, & Kashman, 1984; Roberts et al., 2011) and excellent interrater reliability, >.97 (Mathiowetz et al., 1984; Peolsson, Hedlund, & Oberg, 2001 ). Pinch was measured during a three-jaw-chuck pinch and demonstrated interrater reliability (.97-.99) and test-retest reliability (.74-.83; Mathiowetz et al., 1984) .
The FIM (Ottenbacher, Hsu, Granger, & Fiedler, 1996) was an additional outcome measure to quantify independence in daily activities. The FIM has excellent consistency between raters (median interrater reliability 5 .95), demonstrates test-retest reliability (.92-.95), and is used as part of the Uniform Data System for Medical Rehabilitation. Scores for the five self-care domains (eating, grooming, upper body dressing, lower body dressing, and bathing) were recorded and summed as an upper-extremity FIM (UE-FIM) score Lang et al., 2006; Lang, Wagner, Edwards, & Dromerick, 2007) .
In combination with standard clinical assessments of function, emerging evidence supports the use of accelerometry as an objective measure for monitoring and recording UE use (Lang, Bland, Bailey, Schaefer, & Birkenmeier, 2013) . Accelerometers (ActiGraph GT3·1; Actigraph LLC, Pensacola, FL) resembling the size of wristwatches measure movement in terms of acceleration (Lang et al., 2013) . The test-retest reliability (.82-.94), construct validity (.93), and convergent validity (.53-.94) of accelerometers has been established (Lang et al., 2013; Uswatte et al., 2005; Uswatte, Giuliani, et al., 2006; Welk, Schaben, & Morrow, 2004) . Additionally, intrarater reliability has been established when the same accelerometer unit is used (Welk et al., 2004) . Accelerometers were placed on both wrists of each participant and worn for 24 hr at the time of study enrollment and for 24 hr before discharge from the IRF. Using the recorded activity counts, a use ratio was calculated to express the amount of use of the affected side compared with the nonaffected side (Uswatte et al., 2005) . Use ratio values in communitydwelling adults are 0.95 ± 0.06 (mean ± standard deviation), indicating that the upper extremities are most frequently used together during daily life (Bailey & Lang, 2014) .
Intervention
The intervention was an individually tailored UE training protocol (Birkenmeier et al., 2010) provided 60 min/day, 4 days/wk during occupational therapy for the duration of the IRF admission. All treating therapists were trained in the protocol and monitored to ensure fidelity. In this IRF, patients receive 6 days/wk of occupational therapy services. On the remaining 2 days, participants received interventions related to ADLs to ensure that basic selfcare deficits were being addressed. ADL tasks, however, were regularly incorporated into task-specific training sessions. Participants were encouraged to incorporate the paretic UE into functional activity outside of the intervention hour but not in a repetitive manner. For example, participants were encouraged to use the paretic hand to assist with prepping a toothbrush with toothpaste or to answer a cell phone.
Treatment activities were individualized, graded, and progressed for each participant. At enrollment, the treating occupational therapist and the participants discussed their meaningful activities to generate an occupational profile (American Occupational Therapy Association, 2008). They selected three activities to be used during the treatment sessions. If communication was a challenge (e.g., aphasia), the occupational therapist obtained an occupational profile from family members or friends. The goal for each treatment session was to achieve ³300 repetitions in 1 hr through supervised, massed practice of the three selected activities (³100 repetitions per activity).
Following the principle of shaping (Taub et al., 1994 (Taub et al., , 2013 Uswatte, Taub, Morris, Barman, & Crago, 2006) , we graded and progressed activities to challenge each person without over-or underwhelming their motor capabilities, using established grading criteria (Birkenmeier et al., 2010 ). Examples of increasing task difficulty include increasing the height or distance to reach or place an item, increasing the weight or size of items, and changing the physical position of the participant (e.g., standing vs. sitting). Given the acuity of illness in the IRF, participants were provided rest breaks on request.
Statistical Analysis
Statistical analyses were completed with SPSS Version 21 software (IBM, Armonk, NY). Descriptive statistics were generated on feasibility measures. Data on outcome measures were normally distributed as indicated by ShapiroWilks tests. We used paired t tests to examine change in outcome measures between admission and discharge for all participants. For participants with 1-mo follow-up data, we ran an additional paired t test to look for changes between discharge and follow-up. We chose this method over the typical repeated-measures analysis of variance across three time points to capitalize on available data. The criterion for significance was set at p < .05. Pearson correlation coefficients were used to examine relationships between feasibility and outcome measures. Values in the text are means ± standard deviations unless otherwise indicated.
Results
Fifteen participants completed the study, and 11 were available for 1-mo follow-up assessments. General characteristics of all participants are provided in Table 1 . Participants' average age was 59 yr, and 80% of our sample size was male. Most participants were not enrolled immediately on admittance to the IRF: The average study enrollment length was 19 days, and the average stay length in the IRF was 29 days. Most participants had two or more comorbidities that could have limited their ability to participate in the intervention.
Feasibility Data
No participants were withdrawn or dropped out during the intervention. Individual examples of the number of repetitions and time in active practice across sessions are shown in Figure 2 . These individual examples were selected to highlight participants who performed at and below the study means and also to illustrate the medical complexities and barriers to service delivery often found in an IRF. One participant (#8) increased the number of repetitions over the first few sessions, achieving an average of 302 after the first two sessions (Figure 2A ). The number of minutes of active practice started higher and was reduced slightly as the intervention progressed. Another participant (#15) achieved fewer repetitions per session (average of 183 after the first two sessions) but spent nearly the whole hour in active practice ( Figure  2B ). Another participant's (#10) treatment was disrupted by a hospital acquired infection (C. difficile; Figure 2C ). In many sessions, this participant (#10) achieved a high number of repetitions and spent a substantial amount of the hour in active practice. In other sessions, his treatment was limited by toileting needs, fatigue, and frustration. The average number of repetitions achieved per session was 289 ± 35, 95% confidence interval (CI) [280, 299] . The total repetitions achieved across the intervention ranged from 1,207 to 5,963, with an average of 2,956 ± 1,197. Time spent in active task practice per session was 47 ± 3.7 min, 95% CI [46.1, 48.0] . Effort to achieve the desired number of repetitions was high, as indicated by an average fatigue score of 6.5 ± 1.2, 95% CI [6.2, 6.8] on the 0-10 point scale. Pain scores at the beginning of each session were 1.6 ± 1.6, 95% CI [1.2, 2.1] and after each session were 2.7 ± 2.7, 95% CI [2.0, 3.4]. The average change in pain per session was 1.1 points (different pre-and postsession, p 5 .02).
The number of sessions attempted was 11.5 ± 5.3, 95% CI [10.2, 12.9] , and the number of sessions attended was 10.9 ± 4.9, 95% CI [9.7, 12.2], indicating that participants did not often miss scheduled sessions. The highest number of sessions attempted and attended was 24 (Participant 13), whereas the lowest number of both attempted and attended sessions was four (Participant 5). Table 2 presents baseline, discharge, and 1-mo data scores for all outcome measures and their statistical significance. As expected at this early period poststroke, improvement in ARAT, grip, pinch, UE-FIM items, and the use ratio from baseline to discharge was found. Eleven of the 15 participants were available for 1-mo follow-up assessments. Participants who were unavailable (1 lived out of state, 2 were unreachable, 1 died) were those who improved the least during the IRF stay. Thus, the major improvements seen from discharge to 1 mo (last column of Table 2 ) occurred in those who would be most likely to experience such changes.
Preliminary Outcomes
Three important relationships were present in the data. First, there was a moderate negative relationship between time to enrollment in the study and baseline ARAT, r 5 2.54, p 5 .04, indicating that those who were enrolled later had worse UE motor capabilities at baseline. Second, no relationship was found between total repetitions achieved and baseline ARAT score, r 5 .19, p 5 .48, indicating that patients with different levels of UE capabilities could engage in the high-repetition intervention. Finally, a moderate-to-good relationship was revealed between total repetitions and change in ARAT, r 5 .58, p 5 .02, indicating that higher doses were associated with better outcomes. 
Discussion
These data show that it is feasible to deliver a substantially higher number of repetitions of individually tailored, progressive, task-specific training in the inpatient setting than what is currently delivered in routine clinical practice ). The available therapy time was maximized, indicated by hundreds of repetitions and long durations in active task practice per session. The average amount of time spent in task practice for this study was equal to the total number of minutes typically spent in occupational therapy in the IRF setting (Harris et al., 2009 ). The number of sessions attempted or attended varied as a result of differing lengths of stay. Sessions were rarely missed despite high fatigue scores. All participants improved, including on the UE-FIM items, indicating that this intervention did not detract from other critical inpatient priorities of ADL retraining.
Feasibility
The finding of feasibility without detracting from ADL retraining is important to clinicians trying to implement higher doses of therapy within the IRF setting and for clinical scientists wanting to study the potential benefits of higher doses. We do not know whether the higher doses achieved were optimal; the target of 300 repetitions was somewhat arbitrary. No data are available on the optimal dose of task-specific training needed to promote motor recovery for UE paresis, although a trial is under way (NCT01146379).
As anticipated, reports of fatigue were high. The substantial effort expended, however, did not limit overall participation, as indicated by a long duration of time spent in task practice and nearly identical values for the average number of sessions attempted and the average number of sessions attended for each participant.
Pain scores changed significantly from pre-to postintervention. Participants reported more pain at the end than at the beginning of sessions. The magnitude of the scores was, however, relatively low. Even by the end of sessions, the pain scores were mild (<3/10) and substantially lower than pain values reported in the hemiparetic shoulder pain literature (Castiglione, Bagnato, Boccagni, Romano, & Galardi, 2011; Ratmansky, Defrin, & Soroker, 2012) . Pain did not limit participation, evidenced by the similar number of sessions attempted and attended. By visual inspection, individual participant pain scores showed that pain reports had returned to baseline before the next scheduled session.
Preliminary Outcomes
Participants improved on all outcome measures from baseline to discharge and in the subset followed up 1 mo later. Change scores on the ARAT are similar to published minimally clinically important difference values during this early time poststroke (Lang et al., 2008 ) of 12 to 17 points for the dominant and nondominant sides from baseline to 1 mo. Participants were discharged more independent in self-care than at admission (UE-FIM score). This finding is noteworthy because it shows that implementing a high-repetition, individually tailored, progressive, task-specific training intervention 4 days/wk did not detract from the importance of ADL retraining in the inpatient setting.
Participants also improved use of the affected UE outside of scheduled therapy time, indicated by the change in use ratio. At discharge, the use of the affected limb was still limited (0.68 ± 0.21) but closer to typical values (0.95 ± 0.06) in people without stroke (Bailey & Lang, 2014) .
Finally, the moderate-to-good relationship between total repetitions and change in ARAT scores is consistent with similar published correlations (Birkenmeier et al., 2010; Moore, Roth, Killian, & Hornby, 2010) , indicating that higher doses are associated with better outcomes. Finally, we were able to individualize and deliver this intervention to various UE abilities, indicated by the lack of a relationship between baseline ARAT scores and total repetitions achieved.
Limitations and Future Research
Several limitations need to be considered. First, our sample size was small, limiting not only the generalization of results but also the ability to use further statistical analysis to examine individual factors within the sample. Future studies with larger sample sizes are needed to explore relationships between other stroke-related impairments, individual comorbidities, and their influence on feasibility and outcome. Second, a control group was absent. The functional gains are likely because of some combination of natural recovery and provided rehabilitation services. Future studies are needed to determine how much improvement might be because of the high-repetition intervention. A larger comparison study evaluating the overall efficacy of an individually tailored, progressive, high-repetition, taskspecific UE training intervention compared with standard occupational therapy would be beneficial.
Third, we did not control the number of sessions experienced by each participant. The range of sessions attended was large (4-24). Although it is likely that four sessions are too few, it is not possible to determine whether 24 sessions are ideal. Thus, these data should be viewed as the beginning of an exploration of how the dose of movement practice early after stroke might be manipulated to optimize functional outcomes.
Implications for Occupational Therapy Practice
Patients with stroke in the IRF setting can achieve hundreds of repetitions of task-specific training in 1-hr therapy sessions. Using an established protocol, each task can be selected from the patient's occupational profile and individualized, graded, and progressed to various UE capabilities. This intervention can be delivered within the confines of current service delivery (i.e., no additional sessions were added to the participant's regular therapy schedule).
The results of this study have the following implications for occupational therapy practice:
• Patients with UE paresis after a stroke, staying in an IRF, can achieve hundreds of repetitions of taskspecific training.
• As is expected at this level of rehabilitation, patients improved on all outcome measures after engaging in this intervention.
• No additional occupational therapy sessions were added to the normal 3-hr/day therapy schedule for the IRF setting.
• Engaging in a high-repetition, task-specific intervention does not detract from the critical inpatient priority of ADL retraining.
Conclusion
It is feasible to deliver hundreds of repetitions of taskspecific training for the paretic UE within the confines of current IRF practice. The intervention was delivered as part of regularly scheduled therapy, no additional occupational therapy sessions were added, and no special equipment was required. Engaging in an individually tailored, progressive, high-repetition, task-specific UE training intervention does not detract from other critical inpatient priorities such as ADL retraining. s
